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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C, 20231 

Dear Sir: 

Prior to examination on the merits, please amend the above-captioned appUcation as 
follows. 

IN THE SPECIFICATION 

Please add the following paragraph and heading, immediately following the title, as 
follows: 

Cross-Reference to Related Apphcations 

This application is a national phase application under 35 U.S.C. § 371 of PCT 
Application Serial Number PCT/IB99/01747 filed on October 29, 1999 which claims priority to 
South African Apphcation Serial Number 98/9866 filed on October 29,1998 the disclosures of 
which are incorporated herein by reference in their entireties. 

Please replace the paragraph beginning at page 9, line 16, with the following rewritten 
paragraph: 

Detailed Description of the Preferred Embodiments 
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Please replace the paragraph beginning at page 11, hne 16, with the following rewritten 

paragraph: 

In the process, the lid 28 of the bottle 20 is removed an aliquot sample of ore is added to a 
bottle 20 containing flux 26, the Hd 28 is applied back onto the bottle 20 and the sample and flux 
is combined by merely shaking the bottle. 

Please replace the paragraph beginning at page 12, line 10, with the following rewritten 
paragraph: 

Referring to Figure 3, bottles 2 which contain ore sample combined with flux are loaded 
onto a sample loader 34 which comprises a conveyor belt 36, an optical sensor 38, a bar code 
reader 40, and a mechanical gripper arm 42. In use, the optical sensor 38 senses the presence of a 
bottle 20, the bar code reader 40 (positioned above the bottle, and shown in dotted outline) scans 
the bar code 28 on the lid 22 of the bottle 20 and the gripper arm 42 grips the bottle at the ridge 
30 and transfers it into an induction furnace 44 which is powered by a generator 46. The 
conveyor 36 conveys the next bottle 20 in line with the sensor 38 and this next bottle is then 
ready to be transferred into the induction fiimace 44. Once placed in the induction furnace 44, 
the identity of the bottle 20 is compared to the information stored on the central database and the 
bottle 20 is heated at a temperature profile that corresponds to the ore sample and flux contained 
within the bottle 20. 

Please replace the paragraph beginning at page 13, line 26, with the following rewritten 
paragraph: 

In a typical example where the temperature profile is kept constant, the melting pot 26 is 
heated to about 900° and the flux and sample is inserted into the melting pot 26. The coil 48 is 
supplied with 15-30 kW of electrical energy fi-om the generator 46 for a predetermined first 
period of time (usually 20 to 30 seconds) to heat the pot to about 1250°C and then dropped to 10 
to 12kW for a predetermined second period of time (usually 20 to 30 seconds), maintaining the 
temperature of the melting pot about 1250°C. Thus, fusion of the ore and flux takes from 45 to 
90 seconds, generally approximately 60 seconds. 

Please replace the paragraph beginning at page 15, line 21, with the following rewritten 
paragraph: 

The advantage of the flux 26 over known flux compositions is that the sodium hydroxide 

has a melting point of 318°C, which is much lower than the melting point of CaC03, used in 
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conventional fire assay processes. Thus, when the flux 26 is added to the crucible 46 in the 
induction furnace 44 (which is normally preheated a temperature of about 1000°C), the sodium 
hydroxide mehs, wets the sample and flux, and retards spattering and boiling when power is 
apphed to the induction furnace. The sodium hydroxide then reacts with silicates in the sample 
to form slag. Up to now it has not been possible to use sodium hydroxide in conventional fire 
assay processes as these processes make use of clay pots and the sodium hydroxide would react 
with sihca-in the pots and destroy them during heating. The sodium hydroxide does not however 
have this effect on a graphite or zirconium melting pot 46. Also, there has been no feasible way 
of storing and transporting NaOH, because it is hygroscopic, and the sealed containers calcium 
carbonate cannot be used in an induction fumace as it will blow out during rapid heating of the 
melting pot 46. 

Please add the following paragraph beginning at page 21, line 4: 
Examples 
IN THE CLAIMS 

Please amend Claims 1, 5, 7, 9-12, 15-24, 26-37 as follows: 
What is Claimed! 

1 , (Amended) A method of assaying an ore sample to determine the concentration 
of selected metals therein, comprising the steps of: 

combining the prepared ore sample with a lead-containing flux in a receptacle; 
inductively heating the combination to form a fusion of slag and lead, the lead 
collecting the metals in the sample; and 
separating the lead from the slag. 
5. (Amended) The method according to Claim 1 wherein the sample of ore and 
flux are combined in a container made from carbon-based material, and the container, the sample 
and the flux are inductively heated. 

7. (Amended) The method according to Claim 5 wherein the container includes 
identification means for identifying the sample contained therein. 

9. (Amended) A method according to Claim 1 wherein the flux contains sodium 
hydroxide. 

10. (Amended) The method according to Claim 1 wherein the sample is heated 

inductively within a graphite receptacle in an induction fumace. 
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11. (Amended) The method according to Claim 1 wherein the sample is heated 

inductively within a zirconium receptacle in an induction furnace. 

12. (Amended) The method according to Claim 1 wherein molten lead separated 
from the slag is poured into a chilled mould, to provide a sohd lead button. 

15. (Amended) A method according to Claim 12 wherein each solid lead button is 
stamped with an identification code. 

16. (Amended) A receptacle for use in a method of assaying an ore sample 
according to Claim 1, the receptacle comprising a base with aside wall extending from the base, 
the side wall defining a top opening into the receptacle, and the side wall having a collecting 
cavity, wherein the collecting cavity is sized to collect a predetermined amount of molten lead. 

17. (Amended) A receptacle for use in a method of assaying an ore sample 
according to Claim 16 wherein the collecting cavity is located proximate the top opening of the 
receptacle. 

18. (Amended) A receptacle for use in a method of assaying an ore sample 
according to Claim 16 wherein barrier means is provided between the collecting cavity and the 
opening of the receptacle, to trap molten lead in the collecting cavity. 

19. (Amended) A receptacle for use in a method iis«^ assaying an ore sample 
according to Claim 16 wherein the collecting cavity is formed within a removable plug which is 
attachable to the side wall of the receptacle. 

20. (Amended) A receptacle for use in a method fo^f assaying an ore sample 
according to Claim 16 including a first spout located at the top opening, above the collecting 
cavity. 

21. (Amended) A receptacle for use in a method of assaying an ore sample 
according to Claim 20 including a second spout located at the top opening, diametrically opposed 
to the first spout. 

22. (Amended) A receptacle for use in a method of assaying an ore sample 
according Claim 16 wherein the receptacle is also a melting pot for an induction fumace. 

23. (Amended) A receptacle for use in a method of assaying an ore sample 
according Claim 16 made from graphite. 

24. (Amended) A method of separating molten lead from slag, in the receptacle of 
Claim 16, the method including the steps of: 
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1 . introducing a slag with a predetermined amount of molten lead therein into 

the receptacle; 

2. rotating the receptacle in a first direction toward the collecting cavity so 
that the molten lead fills and is retained within the cavity, rotating the receptacle fiirther 
so that the slag is discharged firom the opening to the receptacle; 

3. rotating the receptacle so that the molten lead flows out of the opening to 
the receptacle; and 

4. collecting the lead discharged firom the opening of the receptacle. 

26. (Amended) A flux composition for use in a method of assaying an ore sample 
according to Claim 1, the flux composition containing sodium hydroxide. 

27. (Amended) A flux composition for use in a method of assaying an ore sample 
according to Claim 26, comprising 20% to 60^, by weight, sodium hydroxide. 

28. (Amended) A flux composition for a method foMf assaying an ore sample 
according to Claim 26 further comprising: 

29. (Amended) A flux composition for use in a method of assaying an ore sample 
according to Claim 27 comprising 20% to 50%, by weight sodium hydroxide, 25% to 40% lead 
oxide and 25% to 40% borax. 

30. (Amended) A flux composition for use in a method of assaying an ore sample 
according to Claim 26 further including silver nitrate. 

31. (Amended) A sealed container, for use in a method of assaying in an ore 
sample according to Claim 5, the sealed container made firom a carbon-based sodium carbonate. 

32. (Amended) A sealed container for use in a method of assaying an ore sample 
according to Claim 31 including a replaceable Hd. 

33. (Amended) A sealed container for use in a method of assaying an ore sample 
according to Claim 31 made form a combustible material. 

34. (Amended) A sealed container for use in a method of assaying an ore sample 
according to Claim 33 made from a plastics material. 

35. (Amended) A sealed container for use in a method of assaying an ore sample 
according to Claim 34 made from a mixture of plastics material and a flux material. 

36. (Amended) A sealed container for use in a method of assaying an ore sample 

according to Claim 35 wherein the flux material is calcium carbonate. 
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37. (Amended) A sealed container for use in a method of assaying an ore sample 

according to Claim 36, the mixture including 60 to 80%, by weight, calcium carbonate. 
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REMARKS 



Claims 1-37 are pending with Claims 1, 5, 7, 9-12, 15-24, 26-37 being amended herein. 
Applicants believe that none of the foregoing amendments have added new matter to the 
application. 

The specific changes to the specification are shown on a separate set of pages attached 
hereto and entitled VERSION WITH MARKINGS TO SHOW CHANGES MADE , which 
follows the signature page of this Amendment. On this set of pages, the insertions are underlined 
while the del e tiono ar e otruck through . 

The foregoing amendments more closely conform the application to U.S. practice. The 
above requested changes to the apphcation do not add new matter, and entry of the amendments 
is respectfully requested. If, however, there are any matters which could be resolved by a 
telephone interview, the Examiner is cordially invited to contact the undersigned by telephone so 
that any such matters can be promptly resolved. 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




Karoline A. Delaney 
Registration No. 44,058 
Attorney of Record 
620 Newport Center Drive 
Sixteenth Floor 
Newport Beach, CA 92660 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE SPECIFICATION 

The following paragraph has been added, immediately after the title: 

Cross-Reference to Related Applications 

This apphcation claims priority to South African Application Serial Number 98/9866 
filed on October 29,1998 and PCT AppUcation Serial Number PCT/IB99/01747 filed on October 
29. 1999. the disclosures of which are incorporated herein by reference in their entireties. 

The paragraph beginning at page 1, line 6, has been amended as follows: 
Doscriptioii of an Embodimont Detailed Description of the Preferred Embodiments 

The paragraph beginning at page 11, line 16, has been amended as follows: 

In the process, the lid 28 of the bottle 20 is removed an ahquot sample of ore is added to a 

bottle 20 containing flux 26, the Ud 3S 28 is applied back onto the bottle 20 and the sample and 

flux is combined by merely shaking the bottle. 

The paragraph beginning at page 12, line 10, has been amended as follows: 
Referring to Figure 3, bottles 2 which contain ore sample combined with flux are loaded 
onto a sample loader 34 which comprises a conveyor belt 36, an optical sensor 38, a bar code 
reader 40, and a mechanical gripper arm 42. In use, the optical sensor 38 senses the presence of a 
bottle 20, the bar code reader 40 (positioned above the bottle, and shown in dotted outline) scans 
the bar code 28 on the lid 22 of the bottle 20 and the gripper arm 42 grips the bottle at the ridge 
30 and transfers it into an induction fiimace 44 which is powered by a generator 46. The 
conveyor 36 conveys the next bottle 20 in line with the sensor 38 and this next bottle is then 
ready to be transferred into the induction furnace 44. Once placed in the induction flimace 44, 
the identity of the bottle 20 is compared to the information stored on the central database and the 
bottle 20 is heated at a temperature profile that corresponds to the ore sample and flux contained 
within the bottle 20. 

The paragraph beginning at page 13, line 26, has been amended as follows: 
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In a typical example where the temperature profile is kept constant, the melting pot 46 26 

is heated to about 900^ and the flux and sample is inserted into the melting pot 44 26. The coil 
48 is supplied with 15-30 kW of electrical energy from the generator 46 for a predetermined first 
period of time (usually 20 to 30 seconds) to heat the pot to about 1250°C and then dropped to 10 
to 12kW for a predetermined second period of time (usually 20 to 30 seconds), maintaining the 
temperature of the melting pot about 1250°C. Thus, fusion of the ore and flux takes from 45 to 
90 seconds, generally approximately 60 seconds. 

The paragraph beginning at page 15, line 21, has been amended as follows: 
The advantage of the flux 26 over known flux compositions is that the sodium hydroxide 
has a melting point of 318°C, which is much lower than the melting point of CaC03, used in 
conventional fire assay processes. Thus, when the flux 26 is added to the crucible 46 in the 
induction furnace 46 44 (which is normally preheated a temperature of about 1000°C), the 
sodium hydroxide melts, wets the sample and flux, and retards spattering and boiUng when 
power is applied to the induction furnace. The sodium hydroxide then reacts with silicates in the 
sample to form slag. Up to now it has not been possible to use sodium hydroxide in 
conventional fire assay processes as these processes make use of clay pots and the sodium 
hydroxide would react with silica-in the pots and destroy them during heating. The sodium 
hydroxide does not however have this effect on a graphite or zirconium melting pot 46. Also, 
there has been no feasible way of storing and transporting NaOH, because it is hygroscopic, and 
the sealed containers calcium carbonate cannot be used in an induction furnace as it will blow out 
during rapid heating of the melting pot 46. 

The paragraph beginning at page 21, line 4, has been added as follows: 
Examples 

IN THE CLAIMS 

The paragraph beginning at page 27, line 1, has been amended as follows: 
Claims What is Claimed: 
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I , A method ^¥-of assaying an ore sample to determine the concentration of selected 

metals therein, comprising the steps of: 

combining the prepared ore sample with a lead-containing flux in a receptacle; 
inductively heating the combination to form a fusion of slag and lead , the lead 
. collecting containing the metals in the sample; and 

separating the lead from the slag. 
5, The method according to any on e of th e proc e ding claims Claim 1 wherein the 
sample of ore and flux are combined in a container made from carbon-based material, and the 
container, the sample and the flux are inductively heated. 

7. The method according to Claim 5 or 6 w herein the container includes 
identification means for identifying the sample contained therein. 

9, A method according to any one of th e pr e coding claimo Claim 1 wherein the flux 
contains sodium hydroxide. 

10. The method according to any on e of th e pr e ceding claims Claim 1 wherein the 
sample is heated inductively within a graphite receptacle in an induction furnace. 

II. The method according to any ono of the prec e ding claimo Claim 1 wherein the 
sample is heated inductively within a zirconium receptacle in an induction furnace. 

12. The method according to any on e of th e procoding claimo Claim 1 wherein molten 
lead separated from the slag is poured into a chilled mould, to provide a solid lead button. 

15. A method according to on e of th e prec e ding claims Claim 12 wherein each solid 
lead button is stamped with an identification code. 

16. A receptacle for use in a method ^&¥~Qf assaying an ore sample according to 
Claim 1, the receptacle comprising a base with a side wall extending from the base, the side wall 
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defining a top opening into the receptacle, and the side wall having a collecting cavity, wherein 
the collecting cavity is sized to collect a predetermined amount of molten lead. 

17. A receptacle for use in a method fo^-of assaying an ore sample according to 
Claim 16 wherein the collecting cavity is located proximate the top opening of the receptacle. 

18. A receptacle for use in a method ^ef-of assaying an ore sample according to 
Claim 4#-ef 17 wherein barrier means is provided between the collecting cavity and the opening 
of the receptacle, to trap molten lead in the collecting cavity. 

19. A receptacle for use in a method fe-of assaying an ore sample according to my- 
one of claimo Claim 16 to 18 w herein the collecting cavity is formed within a removable plug 
which is attachable to the side wall of the receptacle. 

20. A receptacle for use in a method S9¥-of assaying an ore sample according to my- 
ono of Claimo Claim 16 te-49-including a first spout located at the top opening, above the 
collecting cavity. 

21. A receptacle for use in a method fef-of assaying an ore sample according to 
Claim 20 including a second spout located at the top opening, diametrically opposed to the first 
spout. 

22. A receptacle for use in a method fe^f assaying an ore sample according to my 
one of Claimo Claim 16 to 21 w herein the receptacle is also a melting pot for an induction 
fixmace. 

23. A receptacle for use in a method fe^nof assaying an ore sample according to my 
one of Claimo Claim 16 to 22 m ade firom graphite. 

24. A method fe? of separating molten lead firom slag, in the receptacle of Claim 16, 
the method including the steps of: 
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1 . introducing a slag with a predetermined amount of molten lead therein into 

the receptacle; 

2. rotating the receptacle in a first direction toward the collecting cavity so 
that the molten lead fills and is retained within the cavity, rotating the receptacle further 
so that the slag is discharged from the opening to the receptacle; 

3. rotating the receptacle so that the molten lead flows out of the opening to 
the receptacle; and 

4. collecting the lead discharged from the opening of the receptacle. 

26. A flux composition for use in a method ioMf assaying an ore sample according to 
Claim 1, the flux composition containing sodium hydroxide. 

27. A flux composition for use in a method §&¥-of assaying an ore sample according to 
Claim 26, comprising 20% to 60"^, by weight, sodium hydroxide. 

28. A flux composition for a method fe^f assaying an ore sample according to asy 
on e of Claimo Claim 26 to 27 further comprising: 

29. A flux composition for use in a method ioMf assaying an ore sample according to 
Claim 27 comprising 20% to 50%, by weight sodium hydroxide, 25% to 40% lead oxide and 
25% to 40% borax. 

30. A flux composition for use in a method f&¥-o{ assaying an ore sample according to 
an)^ ono of Claimo Claim 26 further including silver nitrate. 

31. A sealed container, for use in a method f&f-of assaying in an ore sample according 
to Claim 5, the sealed container made from a carbon-based sodium carbonate. 

32. A sealed container for use in a method fef-of assaying an ore sample according to 
Claim 31 including a replaceable lid. 
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33. A sealed container for use in a method *^of assaying an ore sample according to 

Claim 3 1 or 32 m ade form a combustible material. 

34. A sealed container for use in a method le¥-of assaying an ore sample according to 
Claim 33 made from a plastics material. 

35. A sealed container for use in a method foMf assaying an ore sample according to 
Claim 34 made from a mixture of plastics material and a flux material. 

36. A sealed container for use in a method fe^f assaying an ore sample according to 
Claim 35 wherein the flux material is calcium carbonate. 

37. A sealed container for use in a method fe*^ assaying an ore sample according to 
Claim 36, the mixture including 60 to 80%, by weight, calcium carbonate. 
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BACKC^ROUND OF TWr. T^^VFNTTnN 

This inv'CJiiioji relares lo assaying. 

In order to plan and manage mining operations and to estimate recoverable 
ore reserves it is necessary to have the facility to detemiine the 
concentration in ore samples of precious metals, typically gold and PGMs 
(platinum group metals including platinum, palladium, rhodium, osmium, 
indium and ruthenium). It is already known to use a fire assay process for 
this purpose. In fire assay, PGMs and gold are separated from gangue 
materials by collection into either lead or nickel sulphide at temperatures of 
around 1200 - HSO^C. This is achieved by mixing an aliquot of the sample 
with a flux containing either lead oxide, for the lead collection, or a 
combination of nickel carbonate and sulphur, for the nickel sulphide, v/ith 
other chemicals. A flux containing lead oxide| which has been found to work 
satisfactorily in the conventional fuc assay methodi consists of calcium 
carbonate, lead oxide, borax and silica, and a carbon source such as 
activated carbon, maize meal or flour. This mixture is placed into a ceramic 
crucible, which in mm is placed into an electric or gas fired iumace and 
heated to an appropriate temperature for a period of about 90 minutes. 
During this time the mixture melts and, because their chemical affinity, 
PGMs and gold are collected into either lead or nickel sulphide. On cooling 
tlie lead or nickel sulphide is separated from the gangue material and the 
PGMs and gold content determined by a nuniber of analytical techniques. 
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The advantage of Fire Assay collection over other analytical procediires is 
iliat it efTectiveJj' concentraies PGMs and gold from a large sample aliquot 
inio a media which is much more amenable lo further treatment for the 
.reparation and analysis of the PGMs and gold. Fire Assay is, therefore, 
used extensively in alj laboratories engaged in tlie analysis of samples 
coniaining precious metals and, indeed, is an esseniial stage in tlie analysis 
of lower grade samples such as concentrates, feeds and tails. 

In electrically heated, furnaces, radiant heat from resistive elements is 
applied to the prepared ore samples. It is difficult to maintain constant 
operating conditions in an electrical furnace. Furthermore, resistive 
elements are fragile and deteriorate over time. This variability in furnace 
conditions detrimentally affects the accuracy of assay results and gives rise 
10 excessive repeat rates. 

Ga.s fired frjmaces on the other hand are noisy .and require frequent 
maintenance, which Jengtliens the average time taken to complete an assay. 

The flux used in assaying contains lead and is environmentally hazardous, 
eitJier in dust form during the flux preparation stage, or as fumes which fonn 
during the fusion and cuppelation stages of the process. Personnel involved 
in the assaying process require monitoring of lead blood levels every six 
months, which is expensive and disconcerting to the persons involved. 



The fusion poi$ used for fusion of the flux / ore sample combinations are 
bi-iule and break easily. In order to overcome this difficulty, each assay is 
duplicated or triplicated, to ensure that aT leasi one successful assay result is 
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obtained, which increases the overall assaj'ing costs. Further. The duplicated 
or triplicated samples are fused in different furnaces in order to compensate 
for the variability in furnace conditions. 

The recover)' of lead from the fusion slag is also hazardous as tlie slag is 
broken up, usually manually, by impact to liberate globules of lead 
entrapped in the slag. Slivers of slag are sharp and necessitate the wearing 
of adequate safety equipment. Genejally, not all lead globules are usually 
Q liberated fj-om the slag, leading to m\ inevitable loss of lead. 

2 Current assay techniques are labour intensive and, therefore, prone to human 

ro eiTOr. Tlie average time tajken to complete an assay normally exceeds 

III uvdve hours. It is desired to improve the accuracy, the turnaround time and 

the safety aspects of known prior art assaying techniques. 

M SUMMARY OF INVENTION 

According to a first aspect of the invention there is provided a method for 
assaying an ore sample to detennine the concentration of selected metals 
Therein, comprising the steps of; 

preparing an ore sample; 

combining the prepared ore sample with a Jead-containing flux; 

inductively healing the combination typically at a predetermined 
reference Temperature profile to form a fusion of slag and lead 
containing the metals in the sample; 
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separating tlie lead fi'om the slag; and 

detennining ihe conccniration of the selected metals ii^ the sample. 

The predetemiined reference temperature profile is determined by tlie 
characTcristics and amount of the ore sample and/or tlie flux. 

The sample may be supplied with a constant temperature profile, or it raay 
be supplied wiih a varied temperature profile. For example, the sample is 
supplied with a high' level of heat for a predetermined first period of time 
and then supplied with a lower level of heat for a predetermined second 
period of time to form the fusion of slag and lead. 



The sample of ore and flux jvS preferably mixed in a container made from 
carbon-based material, and the container is inductively heated together with 
the sample and flux. 



Preferably, tlie container is made from plastics material and comprises a lid 
which is arranged to close the container sealxngiy. 

The container may also comprise identification means in the form of a bar 
code for identifying the sample contained tlicrcin. 

Advantageously, die flux contains sodium hydroxide. 



The .sample is preferably heated inductively within a graphite or more 
pieCerably wjihin a zirconium mehing poi in an induciion furnace. 
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Advantageously, molten ]ead separated from the slag is poured into a chilled 
mould, 10 provide a solid lead button. 

The solid lead butlon may then be analyzed by way of spark analysis or 
Uiscr ablation. 

According to a second aspect of the invention tliere is provided a method as 
described above including the steps of storing information on each sample 
on a central database, providing each bottle into which the sample is poured 
wirh a unique identification means such as a bar code identifying each 
botlle, for example by scanning, before insenlng it into the induction 
furnace, correlating the identity of the bottle and infoimation on the central 
database, and applying a predetermined reference temperature profile to tide 
sample, according to the infoimation on the san^ple stored in the database. 

Preferably, each lead buuon is stamped witl:i an identification code. 

According to a third aspect of the invention there is provided a receptacle 
for separating molten lead from slag, the receptacle camprisbg a base with a 
side wall extending from the base, the side wall defining a top opening into 
the i^eptacle, and the side wall having a collecting cavity, wherein the 
collecTing cavity is sized to collect a predetermined amount of molten lead. 

Advantageously, the collecting cavity is located proximate the top opening 
oj'the receptacle. 

Preferably, barrier means is provided between the collecting cavity and the- 
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i^pcniJig of the receptacle, to trap molien lead m the collecting cavity. 

The collecting cavity is preferably fomed within a removable plug wiiich is 
iiuachable to the side wall of the receptacle. 

Advantageously, the receptacle includes a first spout locaied at tlie lOp 
Oldening, above the collecting cavii^'. 

The recepxacic preferably includes a second spout locctted at the top opening, 
diamerrically opposed to the first spout. 

Advantageously, the receptacle is also a melting pot for an induction 
furnace. 

The receptacle is preferably made from graphite, more preferably zirconium- 
According TO a fourth aspect of the invention there is provided a method for 
separating mohen lead from slag, in the receptacle described above, the 
method including the steps of: 

1 . introducing a slag with a predetermined amount of molten 
lead therein into the receptacle; 

2. rotating the recepiacle in a first direction ■ toward the'- ' ' . ' 
colleciing cavity so that the molten lead fills and is retained 

within tlie cavity, roiating the receptacle further so that the 
slafi is discharged from the opening to the receptacle; . 
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3- roiaiing the receptacle so that the nioltra lead flows out of the 
cavit}' and is discharged out of the opening to tlie receptac]e, 
for example, by rotating tlie receptacle in a second direction, 
opposite 10 the first direction; and 

4. collecting the lead discharged from the opening of tlie 
receptacle. 

p.. Advantageously, ihe receptacle is a melting pot surrounded by an 

electromagnetic coi] and the electromagnetic coil is rotated together with the 
k| melting poL 

flj .^^:toianig ;i iiui) aspcci ol ihc mvcniion there is provided a flux 

hp I 

Z composition for use in fire assaying of ore samples, the composition 

containing sodium hydroxide, 

O Preferably, the flux composition comprises 20% to 60%, more preferably 

25% lo 40%, by weight, sodium hydroxide. 

The composition may further comprise: 

20% to 60%, preferably 25% to 40%, by weight, lead oxide; and 
20% TO 60%, preferably 25% to 40%, by weight, borax. 

Advantageously, the composition may also comprise silver nitrate. 

According to a sixth aspect of the invention, there is provided a sealed 
coniainer. made from n carbon-based material, containing a charge of flux 
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composition as described above for the fire assay of a sample of ore. 

Preferably, the container includes a replaceaBlc lid. 

Typically, the container is made from a combustible material, such as a 
plastics material 

Advantageously, the container is made from a mixture of plastics material 
and a flux material, such as calcium carbonate. 

Typically, the container is made from a mixture of 60 to 80%, by weight, 
calcium carbonate and 40 to 20%, by weight, plastics materiaL 



The invention will now be described in more detail^ by way of example only, 
with reference to the accompanying drawings in which Figures 1 lo 7 illustrate 
embodiments of the invention. 



BRTEF DESCRIPTION OF THE DRAWINGS 



Figure I 



is a schematic flow diagram of a process according to tlie 
invention for assaying an ore sample to detcimine the 
concentration of selected metals therein; 



Figure 2 



is a pictorial view of a bottle containing flux; 



Figure 3 ' is a schematic top plan view of an apparatus according to the 
invention for carrying out the process of Figure 1; 
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Fignrc 4 is a cross-sectional view of an induction furnace according to 
the invemioii: ^ 

Figure 5 is a piciori*iJ ^'iew of a preferred melting pot according to the 
invention; 

Figure 6 is a cross-sectional view of the melting pot shown in Figure 
5, along the line 6-6; and 

Figure 7 is a cross-sectional view of the induction furnace shown in 
Figure 4, 5hown in two positions in which matter is 
discharged from the furnace. 



DESCRIPTION OF AN RMBODTMENT 

Referring to Figure 1, according to tlie invention there is provided a method 
of assaying an ore sample, the method including the steps of preparing an 
ore sample ] 0, mixing the ore sample 10 witli a flux 12 which includes lead 
oxide, to form a mixture 14. inductively heating the mixture 14 to form a 
fusion of slag 16 and lead 18 containing gold and PGMs, separating the lead 
18 from the slag 16 aiid determining the amount of gold and PGMs in tlie 
lead. 



In the sample preparation step, an ore sample is logged and its bulk weight 
determined. Tht ore sample is then dried, comminuted and sieved and split 
into a number of aliquot? which are deposited into storage containers in the 
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tbrm of small plastic bottles, each of which already contains a flux. 

Inlbmialion on the sample, ^such as weight, t}'pc etc is entered onto a 
computer and identificaiion means in the form of a bar code label is 
produced for each sample. The unused portion of the ore sample is sealed in 
a sioragc container and identified by means of a bar code label indicating, 
idejitificatjon. origin and date of assay. 

A typical bottle 20 into which an aliquot ore sample is placed is shown in 
Figure 2. The bottle 20 is made fi-om a plastics materia) (polypropylene) 
and has a lid 22 (made from polyethylene) which engages sealingly witli the 
opening into the bottle 20. A charge of flux 26 is showji in the bottle 20. A 
charge of flux is a sufficient amount of a particular compo$ition of flux for 
carri'ing oui the fire assay of an aliquot of a particular ore sample. Each 
boule 20 is identified 'by identification means in the form of a printed bar 
code label 28 indicative of sample identification and weight, which is 
attached to the top surface of the lid 22. The bolile is also provided with a 
ridge 30 just below the lid 22. 

In a preferred embodiment of the invention tlie bottle 20 is made from a 
mixture of plastics material (such as polypropylene) and a flux material. The 
bottle typically comprise? 60 to 80% calcium carbonate and 40 to 20% 
polypropylene. The advantages of including flux with the plastics material is 
discussed below. 



The flux 26 comprises; 
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20% to 60%. preferably 25% to 40%, by weight, sodiuin hydroxide 
(NaOH): 

20% (0 60%. preferably "^5% to 40%, by weight, Jead oxide; 

20% to 60%. preferably 25% to 40%, by weight, borax; and 

niay also comain a small aiiiounl (0 to 1%) of silver nitrate. 

Each bottle 20 contains a predetermined charge and constitution of flux. The 
bottles are conveniently filled with flux on a production line at a produciion 
.wile and then transported to the site at which assaying takes place. The 
charge of flux, wliich varies from 200 to 450g, depends on the amount and 
lype of sample being assayed. Generally, there is a ratio of flux to sample of 
4:1 to 6:]> by weight, Tlie constitution of the flux depends on the 
characteristics of tlie sample being assayed. For example, a higher amount 
of borax is added for samples containing higher concentrations of ba^e 
metals and a higher amount of sodium hydroxide is added for samples 
containing high amounts of silicates, 

ll is imporLant that the lid 22 engages sealingly with the opening to the 
bottle 20 10 ensure ihat the sodium hydroxide (NaOH) which is corrosiye 
and hygroscopic does not come into contact with the atmosphere during 
transportation and storage of the bottle and flux. 

In the process, the lid 28 of the bottle 20 is removed an aliquot sample of ore 
i,s added to a bottle 20 containing flux 26, the lid 28 is applied back onto the 
boule 20 and the sample and flux is combined by merely shaking the bottle. 
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' ■ Previously, mixing containers wcrc used which caused spillages and 
contamination between samples. Tlius, ilie bottle 20 conveniently provides a 
package containing a require<|^ charge of flux which is also used to combine 
I he aliquot sample and the flux. 

It is envisaged that the sample preparation step is automated as a series of 
mccjianically linked steps, enabling the preparation of an ore sample for 
assaying without the need for manual intervention. 

Referring to Figure 3, bottles 20 which contain ore sample combined with 
flux are loaded onto a sample loader 34 which comprises a conveyor belt 36, 
an optical sensor 38. a bar code reader 40, and a mechanical gripper arm 42. 
In use, the optical sensor 3S senses the presence of a bottle 20, the bar code 
reader 40- i^poshicned i-bove the bottk. and shoNMi iu doue^i oviiUiie) sc:iu\s 
the bar code 28 on the lid of the bottle 20 and the gripper arm 42 grips the 
bottle at the ridge 30 and transfers it into an induction frnnace 44 which is 
l30Nvered by a generator 46. Hie conveyor 36 conveys the next bottle 20 in 
line with the sensor 38 and this next bottle is then ready to be transferred 
into tlic induction furnace 44. Once placed in the induction furnace 44, the 
identit)' of tlie bottle 20 is compared to the infoimaiion stored on the central 
database and the bottle 20 is heated at q temperature profile that corresponds 
10 the ore sample and flux contained within the bottle 20. 

Referring to Figure 4, the induction furnace 44 includes a removable 
melting pot 46 for melting the sample and flux. The melting pot 46 may be 
made from any material that can sustain temperatures of up to 1500°C and 
which is not adversely affected by electromagnetic waves from an induction 
coil. For example, graphite or zirconium may be used, .Zirconium is 
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p]-e<crrcd because it is resistant to sodium hydroxide fusions and does not 
oxidise as readily as graphite at high temperatures. Zirconium also has a 
higli mdting point of 1850"C, well above the operation temperatures of the 
induction furnace. It is impdrtant thai the temperature of the melting pot 46 
is Eiionilorcd and thermocouples 49 are provided on the melting pot 46 for 
ihis purpose. Hie melting pot 46 is surrounded bj' a .barrier 47 of ceramic 
material (1600 heat isolating) which in turn is surrounded by an induction 
coil 48. The induction coil 48 is surrounded by a shunt 51 that directs 
electrojnagnexic waves from the coil 48 toward the melting pot 46. The 
abovementioned components arc housed in ti hoiising 50 which is made 
from a ceramic material (polyester board GP03). Tlie furnace 44 also has; a 
lid 52 Nv'hich ha? a backing: 5^ dso made frou\ the ccTiuiv.c 'dwJ* 
underside 56, made from alumina or zirconia based ceramic material, which 
closes the opening 58 into the melting pot 46, when the lid 52 is closed. It is 
important tliat the lid 52 closes tlie melting pot 46 sufficiently to create a 
reducing atmosphere therein to minimize oxidation of the melting pot 46 at 
the higl) temperatures witliin the ftimace. 

Once a bottle 20 has been inserted into the melting pot 46 the lid 52 is 
closed, and llie bottle 20 and mixture of sample and flux therein are heated 
according to a predetermined temperature profile which is controlled by the 
amount of power applied to the induction coil. The temperature profile may ' 
be selected according to the amount and characteristics of ore which is being 
assayed and also the amount and characteristics of the flux 26. 

hi a lypical example where the temperature profile. is kept constant, the 
melting pot 26 is heated lo about 900*^ and the flux and sample is inserted 
into the melting pot 26, The coil 48 is supplied with 15-30 kW of electrical 
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energy from the generator 46 for a predefennined first period of time 
(usuaJly 20 lo 30 seconds) to heat the pot to about USO^C and tlien dropped 
'0 '.2k^Y fov A^TticicnvAv-ii <s<:ovi c^tlcc'. C'::l\\\c (^v.siii!J.v ;o ^-C 
seconds), maintaining the temperature of the melting pot at about USO^C. 
Thus, fusion of the ore and flux takes from 45 to 90 seconds, generally 
iipprojcimately 60 seconds. 

If necessary, the sample and flux may be heated at a predeteraiined varied 
lempei-arure profile, for example by first heating the flux and sample to 
about ]250''C for a first period of time (20 - 30 seconds) to melt the sample 
and flux and to then decreasing the temperature to about lOOO^C for a 
-second period of time (20 - 30 seconds), while the gold and PGMs aie 
collected by the lead. 

Another important aspect of the invention is that the temperature profile 
applied to each sample can be computer-conlToIled and thus the heating 
conditions can be accurately controlled, according to the identification made 
by the bar code reader. Information on each sample, such as sample type, 
•sample weight flux weight, flux composition, fusion conditions (i.e. 
temperature profile) is stored on a central database. Each sample is 
identified before it is added to the furnace and it is then heated according to 
a ]3redetermined temperature profile. The system can also be used to subject 
similar ores, or ores from the same area, to similar or the same conditions, to 
ensure consistent assay results. 

l-usion of the ore and flux is extremely quick and the alternating electro- 
magnelic waves (eddy waves) from the induction coil causes a violent 
Slirring action of molien lead within the crucible which results in complete 
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colleciion of gold aiid PGMs by the lead within about- 60 seconds of power 
Iviiig applied to the induction furnace. 

During heating, the temperatdre of the melting poi must be monitored by the 
[hermocouples 49 and by altering the energy ^ipplied to the induction coil 48 
10 ensure that the temperature of the molten lead and flux remains within a 
prefeired temperature range of between 1150 °C and I300°C, If tlie 

p. lernperature exceeds ]450°C chrome III within the sample will be converted 

10 chrome V and the chrome metal formed can trap gold and PGM's and 

yj negatively affect results. If the temperature drops too low (below 900*^C), 

The slag will begin to solidify and it is then difficult to separate the slag from 

ft: "^he lead. 

2 Tlie ceramic housing 50 ensures that, while the temperature within the 

]}^^ crucible 46 can reach up to 1400*C, the omer surface of the ceramic housing 

O 50 does not reach more That 60 to JOCC. This is because the ceramic 

^ " housing 50 is not heated by eddy waves from the induction coil 48. The 

ceramic barrier 47 (which is not heated by the induction coil) serves to 
insulate tlie crucible 46 so that radiant energy is isolated within the crucible. 

The advantage of the flux 26 over known flux compositions is that the 
sodium hydroxide has a melting point of SIS'^C, which is much lower than 
ihc melting point of CaC03 , used in conventional fire assay processes. 
Thus, when the flux 26 is added to the crucible 46 in the induction furnace 
46 (which is normally preheated a temperature of about 1000°C), the 
sodium hydroxide melts, wets the sample and flux, and retards spattering 
und boiling wlien power is applied to the induction furnace. The sodium 
liydroxide then reacts with silicates in the sample to form slag. Up to now ii 
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hns not been possible to use sodium hydroxide in conventional fire assay 
processes as these processes make use of clay pots and the sodium 
hydroxide would react with silica-iT) the pots and destroy them during 
hcoiing. The sodium h>'droxide doe? not however hnve this effect on a 
iiraphite or zirconium melting pot 46, Also, there has been no feasible way 
of sto]"ing and transponing NaOH, because it is hygroscopic, and the sealed 
coniainers address iliis problem. Furthermore, fire assay flux used in the past 
containing calcium carbonate cannot be used in an induction furnace as it 
will blow OUT during rapid heating of the melting pot 46, 

Thus, the flux 26, comprising sodiuj-n hydroxide makes it possible to rapidly 
melt an ore sample in an induction fhmace as described above witliout 
losing fltix and ore sample in the process. 

The plastics bottle 20 is also an important part of the heating process as it 
provides a carbon source for reducing the lead oxide to produce molten lead. 
The inclusion of flux (calcium carbonate) with the plastic is to replace 
excess plastic which is merely burnt away^ and to reduce fiannes and smoke 
during heating. 

Referring back to Figure 3, after the sample has been heated in the.induction 
furnace 44, the molten sample, which comprises lead containing gold and 
PGM's from ihe sample, and slag, is separated. 

The mixture of slag and lead may be poured from the melting pot 46 into 
another receptacle and the lead and slage separated in that receptacle. 
I lowevcr, according to a preferred embodiment of the invention, the melting 
46 also performs The function of separating the molten lead from the 
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Fiyure 5 shows a melting pot 46 which is arranged to be received in an 
induction furnace, aiid which serves-the dual purpose of separating molten 
lead from slag. As discussed above, the melting pot 46 may be made irom a 
material such as graphiie or zirconium. Zirconiuni is preferred as iDolten 
lend does not adhere to the heated zirconium. This is advantageous as the 
melting pot 46 is iniended to be used for numerous samples and this limits 
the coniamination of subsequent samples from previous samples. 

Referring to Figure 6, the melting pot 46 comprises a base 60 with a side 
walJ 62 extending from the base and defining a top" opening 64, A first 
$poui 66 is provided at the top opening 64 for decaiiting molten material 
from a melting zone 68 within tlie melting pot 46. A second spout 70 is 
provided at the top opening 64 and is diametrically opposed to the first 
spout 66. 



A collector 72 defining a collecting cavity 76 is provided on the side wall 62 
of the melting pot 46. below the first pouring spout 66. The collector 72 
may be formed integrally with the pot but is preferably removable in the 
fonn of an externally threaded plug which screws into a complimentary 
ihreaded aperture 74 in the side wall 62. The collecting cavity 76 is sized to 
accommodate only a predetennined amount of moJlen lead (i.e. the amount 
t)f lead in a molten assay sample). In a typical example, the collecting 
cavity 76 is sized to accommodate only 64 grams of lead from a flux 
containing 70 grams of lead oxide. Depending on the amount of lead in a 
molten sample the cavity 76 may be selected to contain from 35 to 110 
yams of lead. The removable plug is advantageous as different size 
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collecting cavities 76 can be sejecicd and provided for different samples diat 
;irc being assayed, Tliis is importmit as tlie zirconium melting pot 46 is 
expensive to m^inufacture, Tlie coUector 72 is located proximates the top 
opening 64, and away from tlie melting zone 68, where the pot is conroded 
cfuring fusion, so that the collector is not damaged during fusion. 

In addition to what is stated above, the plug 72 has a side wall 78 which 
protnides from the side wall 62 of the side wall 62 of the melting pot 46. 
The &4de wall 78 is advantageous as il provides a barrier that helps to collect 
lead in the collecting cavity 76- 

As mentioned above, it is important to monitor the temperature of the 
melting pot 46 during operation and tl^eimocouples 80 are provided in the 
base 60 of the meJting pot 46, for this purpose. 

Once the sample and flux have been fused to provide a slag and when the 
uD)d and PGM's have been collected in the molten lead, the molten lead and 
slag are separated by rotating the melting pot 46 to tip firstly the slag and 
then secondly and separately the lead from the melting pot 46. In this 
embodiment of the invention the melting head is not removed from the 
furnace and separation is conveniently achieved by tipping the whole of the 
induction furnace, i.e. tipping the induction coil together v^th the melting 
poi 46. 

Referring to Figure?, after a sample and flux have been fused, in a melting 
pot 46 in an induction furnace 44, the furnace 44 is rotated in a first 
direction "A" toward the first spout 66 and the lead collector 72. The 
furnace 44 is rotated through approximately 160^ Because of different 
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cicnsiijes and viscosities, slag 80 is poured out of the melting pot 46 via -the 
firs! spout 66 and all of the moltea lead S2 is trapped in the lead collector 
72, The side wail 78 of the collector 72 forms a barrier tliat protrudes from 
I he side wall of the melting pot 46 and assists in the collection of the molten 
lead. 

The slag that is poured oni of the melting pot 46 is poured into a waste bin 
(not showii). After all of the slag has discharged from the melting pot 46, 
|i ihe furnace is rotated back into an upright position. 



The furnace 44 is ihcn rotated in a second direction "B" which is opposite to 
ihe firsi direction ''A'\ also through abovt 1 60°. Molten lead S4 within the 
meliing pot 46 is then discharged out of the melting pot 46, via the second 
spoilt 70 into a waier-cooled mould S6. 

1 1 is important to keep the melting head 46 at a tempcraiure above 900**C 
during the above process so that the ipolten lead and slag are properly 
separated and so that molten lead is not left behind within the melting head 
46. Jn this regard, the induction coil 48 extends to the spoms 68 and 70 to 
iieat them and ensure that they do not cool to below 900"^ 

The mould 86 is water-cooled to about lO'^C and the molten lead poured into 
ihe mould solidifies witliin about 5 to ] 0 seconds to form a lead button. 

Rapid cooling of the molten lead stops gold and PGMs in the lead from 
Ibrming layers ensuring that the concentration of gold and PGMs within the 
leud button is homogenous. 

i 
I 
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I'hcreafter, the buttoj^ is removed frdm the mould aiid stamped with an 
identification number which corresponds to the baa- code which was read at 
I he beginning of the process and tlie buttons are stored on a button storage 
rnck. ready to be analyzed. 

The amount of gold and PGMs within the button may be analysed by any 
conventional processes, for example by cupellation or lead dissolution. Tlie 
lead cupellation processes takes approximately 2,5 hours to perform and the 
lead dissolution process takes approximately 8 hours to perform. The main. 
(Advantage of homogenous button 74 produced by tlie process of tlie 
in\'ention is tliat ii can be analysed by way of much quicker processes such 
as spark analysis and. laser ablation. In prior art processes, due to tlie 
separation ai:id cooling techniques employ edj PGMs and gold form layers 
within the lead and the lead cannot be analysed by spark analysis or laser 
beam ablation. As spark analysis and laser ablation only takes 
approximately 30 seconds, the use of these processes on the lead buttons 
produced by tlie invention dramatically reduces tlie time taken up by 
analysis. By using spark analysis or laser ablation, the whole fire assay and 
analysis process could be done in far less time than the twelve hour turn 
around time of known processes. 

In addition to the above advantages, tlie fixe assay method and apparatus 
ijccording to the invention -provides a much more comfortable working 
environment than the hot and uncomfortable working environment of prior 
m furnaces. The apparatus according lo the invention also takes up far less 
work space and means that assay laboratories are more financially viable. 
Fujihermorc, the sysiem requires less power than prior an processes and 
i-educes replacement parts such as elements, clamps and braids for furnaces, 
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lending and pouring equipment and chy crucibles. Lastly, the apparatus and 
process of the invemion can provide an automated process that is not labour 
Intensive. 

Evnmplel 

A [ypical charge of flux according to the invenxion for analyzing 5g 
concentrate ore samples from a reef in Rustenburg in South Africa, to test 
far platinum, palJadium, rhodium and gold has the following amount and 
composition: 

SOg Borax 
85g Litharge 
• 45gNaOH 

The flux is provided in- a sealed plastic bottle. The bottle has a receptacle 
portion tliat weighs from 35 to 45g and a lid that weighs +1 Og. The lid is 
made from polyethylene and the receptacle is made from 40%, by weight, 
I^olypropylene and 60%, by weight, calcium carbonate. 

Rxample2 

A lypical charge of flux according to tlie inventionfor analyzing 75g feed 
ore samples from a reef in Rustenburg in South AMca, to test for platinum, 
palladium, rhodium and gold has the following amount and composition: 



SOg Borax 
85g Litharge 
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eOgNaOH 

The flux is provided in a sealed plastic bottle. The bottle has a receptacle 
portion that weighs fi'om 50 to 60g and a lid that weighs ±10g. The lid is 
miide from polyethylene ai^id ihe receptacle is made from 40%, by weight, 
polypropylene and 60%, by weight, calcium carbonate, 

Exanipiej 

A typical cloarge of flux according to the invention for analyzing 1 OOg tail 
ore samples from a reef Rustenburg in South Africa, to test for platinum^ 
pnlJadium, rhodium and gold has the following amount and composition; 

1 60g Borax 
85g Litharge . 
140gNaOH 

Tlie flux is provided in a sealed plastic bottle. The bottle has a receptacle 
portion that weighs from 60 to 75g and a lid that weighs ±10g. The lid is 
made from poiyethylenc and the receptacle is made from 40%, by weight, 
polypropylene and 60%, by weight, calcium carbonate. 

Example 4 

This Example shows a typical method according to the invention, in which 
feed ore samples from a mine in Rustenburg, South Africa, were analyzed. 
Feed ore samples were prepared by drying feed tail ore, comminuting and 
sieving it, and weighing aliquot samples of 75g of ore. 
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The lid of a sealed container as described in ExanipJe 2 and conTaining a 
llux composition according to Example 2 was opened. An aliquoi ore 
sample was added lo the container and the h'd was replaced, The container 
Avas then shaken to combine the ore sample and the flux composition. 

Tlie, container was then inserted into a triple pitch impregnated graphite pot 
whi.di was surrounded by an induction coil in an induction furnace. The 
inductioii coil was powered by a 15kW induction generator. 

The graphite pot had been pre-heated to 1250°C. Once the bottle had been 
inserted into the melting pot, the lid of the furnace was closed and the heat 
of the pot was maimained at I250'C for 90 seconds, by applying 15kW of 
power to tlie coil at 6.5kH. Although it is possible and sometimes 
advantageous to heat the sample according to a varied temperature profile, 
the temperature in this example was kept constant at 1250*>C during melting 
and fusion. 

After 90 seconds the power to the induction furnace" was reduced and the 
molten sample of lead, and slag were poured into and separated in a heated 
.sepai-ator as described in South African provisional patent application no. 
99/1 83 1 which is incoiporated herein by reference. 

The separated molten lead was poured into a chilled mould and formed into 
a solid lead button within 10 seconds. 

The above process was carried out with 10 aliquot samples of ore. The solid 
lead bunons were then analyzed by cupellation and lead dissolution methods 
and the results of the analysis are set out in Table 1 below: 
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TABLE 1 



Induction 




Leac 


1 dissolution 


Cupellation 


Pt 


Pd 


Rh 


Au j 4T 


Pt 


Pd 


Rh 


Au 


4T 


2.03 


2.28 


0.198 


0.293 


4.80 


2.32 


2.42 


0.188 


0.380 


5.31 


•2.17 


2.37 


0.198 


0.285 


5.02 


2.25 


2.27 


0.188 


0.275 


4.98 


2.03 


2.33 


0.196 


0.280 


4.84 


2.15 


2.26 


0.188 


0.258 


4.86 


.2.14 


2.27 


0.193 


0.283 


4.89 


2,1 


2.34 


0.188 


0.300 


4.93 


2.12 


2.38 


0.195 


0.278 


4.97 


2.08 


2.28 


0.180 


0.275 


4.82 


2.12, 


2.39 


0,193 


0.285 


5.04 


2.41 


2.32 


0.180 


0.298 


5.21 


2.37 


.2.25 


0.185 


0.343 


5.15 


2.02 


2.29 


0.190 


0.333 


4.33 


2.07 


2.33 


0.198 


0.233 


4.83 


2.23 


2.4 


0.193 


0.268 


5.09 


2.20 


•2.41 


0.203 


0.293 


5,11 


2.07 


2,31 


0.185 


0.268 


4.63 


2.13 


2.27 


0.1 90 


0.343 


4.93 


2.07 


2.25 


0.190 


0.275 


4.79 


2.14 


2.33 


0.195 


0.292 


4.9S 


2.17 


2.31 


0.19 


0.29 


4.9S 


4.4 


2.4 


2.5 


10.4 


2.3 


5.6 


2.4 


2.1 


12.2 


3.5 


2.10 


2.31 1 0.208 


0.246 


4.86 


2.10| 2.31 


0.208 


0.246 


4.86 



The. same feed sample was tested in a nicke] sulphide fire assay process 
. kii^wn in the prior art. The results of these tests are set out in Table 2 below: 
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TABLE 1 



Avg 
%RSD 



Fire Assay 


Lead dissolution 


Cupellation 


Pt 


Pd 


Rh 


Au 


4T 


Pt 


Pd 


Rh 


Au 4T 


1.57 


1.73 


0.140 


0.270 


3.71 


1.87 


1.75 


0.135 


0.190 


3.95 


2.14 


1.94 


0.160 


0.260 


4.50 


1.73 


1.78 


0.140 


0.200 


3.85 


1.66 


1.71 


0.150 


0.250 


3.77 


1.77 


1.66 


0.145 


0.185 


3.96 


1.84 


1.96 


0.160 


0.220 


4.18 


1.98 


1.99 


0.153 


0.260 


4.38 


2.08 


2.11 


0.190 


0.250 


4.63 


2.39 


2.21 


0.170 


0.288 


5.06 


2.03 


2.14 


0.180 


0.280 


4.63 


1.97 


2.01 


0.158 


0,318 


4.46 


1.94 


2.05 


0.160 


0.460 


4.63 


1.97 


2.15 


0.1 S3 


0.260 


4.54 


2.07 


2.14 


0.190 


0.230 


4.63 


1.96 


2.25 


0,173 


0.250 


4.63 


2.03 


2.21 


0.160 


0.300 


4.72 


2.37 


2.3 


0.170 


^0.260 


5-10 


2.23 


2.32 


0.200 


0.260 


5.03 


2.23 


2.2 


0.180 


0.253 


4.B6 


1.96 


2.03 


0.173 


0.280 


4,44 


2.02 


2.05 


0.159 


0.246 


4,48 


10.2 


9.2 


10,7 


22.9 


9.1 


10.9 


9.3 


9.1 


16.5 


9.6 


9 in 


7 /i1 


0.208 


0.24SI 4.86 


2.10 


2,31 


0.208 


0.246 


4.861 
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Vyom Tables 1 and 2 it is clear that the results of the lead buttons prepared in 
I he induction heating process according to the invention compare very well 
wiih llie results the 'lead buttons prepai'ed by the nickel sulphide fire assay 
process. In fact, the RSD for the induction process is significantly lower 
ihan tliat of ihe nickel sulphide fire assay propess. 

Lcod butrons from an ore sample, prepared by a process according lo the 
in^-ention as described in Example 4 were tested by spai'k analysis and were 
found to provide accurate results. 

A tail sample from a reef in Rustenburg South African was treated in the 
same way as described in Example 4 to produce three lead buttons. Hie 
buttons were analysed by spark analysis and the results are set out below: 



Pt. 


Pd 


Rh 


Au 


Total PGM 


0.53 


0,20 


0,07 


0,07 


0,87 


0.54 


0,19 


0,06 


0,04 


0,83 


0.55 


0,19 


0,06 


0,04 


0,84 . 



Conventional cupellaiion techniques were carried out on lead buttons from 
the same sample and revealed a total PGM value of 0,82 grams per ton. 

I^xamplc 6 
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The process according to the invention as described in Example 4 was 
carried out using a mehing pot made of zirconium, except the ore sample 
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v\:is replaced with silica. Ajfter flision, it was found that the zirconiuiTi 
mejiing poi is superior to the graphite melting pot in that it did not oxidise 
iva much ai high temperatures as tlie graphite pot, and the molten lead does' 
nf)i adhere as much to the zirconiuni pot. 
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CLAIB^ 

1. A mefhod &r assaTisg an ore sample to deten&iiie the concentntioii of 
selected metate tfasrdn, oofflpnalis the Etej^ 

oon^mng the prepared ora sample yv^ a tead-eoutaifiiiie flux in a 
Roeptaclei 

iaduetivdy heating tho QOihbinati^ 
CQntaMn^tbeinetalainihe;gangile;and 



aepantiiig the lead Heota slag. 

2. ibe method accordlcs to ddm l ix^eidn the oond)InadoA is heated at & 
predetennlned teopeiBturd pnfilsL 

3. Tl» meAod Bceoidiiig to dda 2 ^ahutSii ihe pcedetemloed k&»qi» 
teaperatuftB profile h detenobed by tivt dheraotetistics and amouat of the 
om sftmple and/or the ftix 

4. Ttie netiiod aceocdingto dalm 3 wherepi the sm^ is supp&edTvith a 
his^ level of heat for a predetenained Srat period of time and then supplied 
trith a lowerlevel of heat fbr a predetexnM 

the fiialtift of slag and lead. 

5. The CD^Oiod sccoidii^ to any ooe of ihe preoe^og dams ^yherdn the 

sampte of Dte and flux aie combiiifid in a coatalnfiT made to carb 
mateiH asd the contamer, the saopld and th« finx aie tod<jctiTOly heated. 
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6. The aiethod ^tcsdks to ddm 5 -wberdn tb container is min fi'Offl 
plasties material and compriges ftlid Vfbadxis ananged to dose the container 

7. Uw method aceordJng to daim S or 6 wberan tiis costainer includes 
identificaHon laeans for ideoti&mgiihe sample eomaioed Aat-ww 

8. Tfafi method afiooedmg to claiim 7 vdierem tlie identification mesas is b 
bareodo. 



9. A mediod aoeordii^ to any onA of the precedfflg ^dmfi 
contains Bodinm hi^droads. 



10. The method acoar^og to aty ooe of tfa» pteeeding daims ^herdntho 
sBinple is heated ioditetively v^ItUn a grapMiaiadSiagM [tocqstade] inan 
inductioQfiniiaoa 

11. The fflslhed aoooKUng to any one of the prece£ng daims whewin the 
saa^le is fanated !aduetisne3y vnam a aarecnhm mehin^ p g| t"*^<' H ia 
aaindaedoRfiimace. 

12. Hie mdhod aocoidmg to any on© of the pieee£ng eblmg tvheraia 
mote lead t^otatcd fiom the tSag is poured into a dnikd moiild, to 
provide B solid lead bttttom 

13. A method aeoordisg to ciaim S indadmg the steps of Eterii^ 
infimnation on eaeh cample on a central database, piovidiiig each contouMr 
into -whldh the sample is pouwdvwth a umqueideniiflBation means, 
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ideatiQ>iqg eaeh eoiitBiner before ififlertiog ft into the iiuiaetio& &niae% 
eondatini the identity of the ccmteiner sad inSMiaatioA an the eeoHal 
database^ and ^plsdog apredotenniued fe&renee teniperstitte profit to the 
smp^, aBOQcSSng to the itifbnnation on the saii^le Gtoied in ^ database, 

14, A ffiethod aeeordisg to dain 13 whereia die ideoti&atba acsu Is a 
b w eode asd the bar «ode is identiged ^tb & Bcumer. 

15. A method acooiding to aiy one of the pf^eedlng dam wbereiA each 
aofidJfladJmttoiLiMtBippedjsdil^^ 



16. A ree^cile ftciue in a oetbod &r aasayhig aa ore sample aecordiqs to 
daim 1, thfl lepeptado compriaiBg a base ^th ft fflde \raH <stt«^^ 

bas^ tbe side wan doCains a top opening imo t&e reeeptad«^ and the side 
ivaS having a eoUectiiig cavity, whet^ the coIIeGtoig eavhy Is sized to 
OOSeet ft psedetenniaed amount of luolteii 

17. Areeeptade&rusdiaameSiod^esflayiQgBaonMmploa^eordiiigto 
daSm 16 irfierein liw .solkcibg 0^ 

offbereceptada 

IB. A reoeptade for use m a method fer astaying m oie S6m^ afiOoidiDg to 
<i!aim is or 17 ^Kber^ babiar means is provided between tibe eoUectiag 
cavity and the DpeBUDg of tiie ree^tade^ to trap moltmlead in the eoIleotiDg 
oflrdty. 



19. Arec^tade^usskamBthodfefassasSngaftoresampiOBccotdlflgto 
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any one of daims 16 to IS wlioi^tbeeollediiig cavity is fenned witlim a 
Immovable plug vri&dh U aftachslde to the side tvall of the ree^ado, 

20. A receptacle &r vse in & method fbr assajiiiig an oie suqple ac^ordios to 
aqy one of tblos 1$ to 19 indudlns a first spout located sc the top openiD& 
above the «olleetio$ can%. 

21. A receptacle fbr use in a metliod Sat aaas;^ an ore bsb^Ip woot&is to 
daJm 20 inM^g a secood spout located at the top opening, diametrically 
flpBflBfifUftlSfcg WI i^ , 



21, A ree^ptade fisf use in a method fbr Bssayjng m ore sample acoofdiz^ to 
any one of elaims 16 to 21 whsreia tlie tee^tade ia also a mebiqg pot &r 
an indaetion fimace. 

23. A r^eptade fi^r use in a method fbr assaying an on sao^ aeeofdiag to 
azgf one of daima 1$ to 22 made fiom graphite. 

24. A nethod ibr sepst^Ssng molteQ lead fiom slag, in ihe toceptacte of 

1. intradudqg a alag \vith a piedeteni^ed amount of molten 
lead tSterehi into the zeceptacle; 

1 xotetlsg the leeeptade in a &st diiecdon toward the 
eellectiDg cavii? so that the noltea lead fiUs snd ia id&Iocd 

within the eawty, retatiiig Che receptacle fbithet BO that ibe 
idag Is disdbaxged fiom the opening to the x«ceptad^ 
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3. mtBiiag tbe rBoq)t^ so tine nifllten lead flows out of 
theopeitiflgto tiieTieoeptade; and 

4. GoBeetizig tiic lead di$ohaig«d fioiti fte opening of the 
rec^tade. 

S. A mediod accoidiiig to daim 24 vyh^i^ Hsii fdeeptadc is a meltifig pet 
sonoaaded 1}y w dectromasoetiQ coO and the dieetiomagnctie con is 
rotated toge£h«r wihhtiie meihjiig pot. 

25. A fiiix Gaii$08iT^ fbr use in & lUethoA fiir ass^rag an oz« san^ 
aseoEdiog to dam 1» tbs flux compoation cootBimng sodbm I^ydzojdde. 

27. A ftSG composition &r use k a method for sssc^iiig sn o» sau^le 
oceoi^ to ddm 26, ccnnpdsiag m to 60^ by ^9eigbt» sodium 
I^rdfffldde. 

2S. Afiux oes^d^ fbr a swfiiod Ibr aasayiiig u ok sample aooardiug 
to aof ooe of dams 26 to 27 Sviber eonpiidog; 

209i to 60$«, Vtve^ M Oidde; «nd 
20»& to e09i, ly weighty laonx. 

29. A fhK con^osiiioiL ^ us» b a metliod t^c aa oi« sample 
aeeoiditig to daim 27 cotnprislf^ 2094 to by w^t sodium 
I^rdroxidQ, 359i to 40% lead ozide azid 2SM to 4C»i borax. 

30. A Box. coaspos^ for use io a method fbr tsaa^ an ore sam^de 
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aoconling to any ons of cbims 25 to 29 flftHjar mdudiiig sihrer aitrato. 
31. A jwded ctMitBiDer, to use in a mec^ 

sceoidiAS to dam 5. the seeded tmmst made fium a eaibon-bfijed 
sodium cflibonate. 

3a. A sealed coiitamer &r use in a meOai Sot Mft^ing ore sample 
aoooriiaig to daun 31 iocluding a i^daeeable Ud. 

33. A iealed coirtninpr for ti.^ h. a niBthnd far M 8a.vmg an o»> 



accortlingtoclaimsi 0r32tnadefi«ttae6lDtaJstibkMa*e^ 

34. A sealed cootainer for uae k 8 toefboA fisr assa^ an ore sample 
aasordihg to daim 33 medtt fim a plasScB 

35. A sealed ibr use ia a mofihod ibr mss^s to we. jample 
aceoidtog to ciWm 34 Bttde frcm a «rix^ 

mafeiidL 



se. A sealed contaioer for use b a msOwd for assayiog an ox« aample 
ac«wdli«to dflimSS ^A^iereratheaRi^^ 

37. A [sealed eontdner fcr use ii a nietfaod for assaying an or« aan^Ie 
accortir^ to eta 36. iJw nfetoreind^ 

CBTbODBta, 



24V04 ^01 TUE 16:39 FAI +27 11 3157445 JOHN AM) KERNICK 



121080/07 




TITE 16:39 FAS +27 11 3157445 JOHN AND KERNICK 13061/07 




21/04 '01 TUE 16:39 FAI +27 11 3157445 JOHN AND KERNICK 
WO 00/26664 




@10e2/07 

09/830855 

PCT/IB99/01747 



'2^/04 '01 TUE 16:39. FAI +27 11 3157445 JOHN AND KERNICK 1063/07 

09/830855 

WO 00^26664 ; 

PCT/IB99/01747 




4/04 '01 TITE 16:25 FAX +27 11 3157445 JOHN AND KERNICK 



11005/07 



Page 1 Attorney's Docket No, 



DECLARATION - USA PATENT APPLICATION 



Ag a l?elow named inventor, I hereby declare lliafc 

My residence, post oflQce address and citizenship are as stated bebw next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed below) or ^ original^ first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled "ASSAYING" 

the specification of which; 

(a) iSf is attached hereto; or 

(b) □ was filed on as AppUcation No, 0 / or Express 

Mail No.j as Application No. not yet known and was amended 

0^ . (if applicable); or 

PCr/IB99/01747 

(c) IQ was described and claimed in PCX latcmational Application No. fQed 

on 29 J999 and as amended under PCX Article 19 on 

(if any) and/or under PCX Article 34 .on 

^ (if any), 

I hereby state that I have reviewed and understand tbe contents of the above identified specification, 
including the claims, as amended by any amendment referred to above; 

1 acknowledge the duty to disclose information which is material to the patentability of this appHcation in 
accordance with Title 37, Code of Federal Regulations, § 1.56; 



I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign 
applicatioii(s) for patent, design or inventor's certificare or any PCT international application(5) listed below and 
have also identified below any foreign applicatioii(s) for patent, design or mventor's certificate or any PCT 
international application(s) designating at least one country other than the United States of America filed for the 
same subject matter having a filing date before that of tiie application(s) of which priority is claimed; 

PRIOR FOREIGN APPLICATIQKr.q^ 



C0UN1RY(0R 
INDICATE IF PCT) 


APPLICATION 
NUMBER 


DATE OF FILING 
((Jay, month, year) 


PRIORITY CLAIMED 
UNDER 37 U.S.C. § 119 


ZA 


98/9866 


29.10.1998 


3PYES NOQ 








□ YES NOQ 








□ YES NOQ 








□ YES NO □ 








□ YES NOQ 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(5) 
listed below, and insofar as the subject matter of each pf the claims of this application is not disclosed in the prior 
United States apphcation in the manner provided by the first paragraph of Title 35, United States Code § 112, I 
acknowledge the duty to disclose material mfommtion as defined in Title 37, Code of Federal Regulations, § 1.56(a) 
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PriorU,S.A. ApplicatiQiifB^ 

Application No.: Filing Date: Status: 

POWER OF ATTORNEY: I hereby appoint the registrants of Knobbe, Martens, Olson & Bear, LLP, 620 Newport 
Center I>rive, Sixteentii Floor, Newport Beach, California 92660, Telephone (949) 760^040 4, Customer No. 20,995. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief arc belicvEd to be true; and further that these statements wea:e made wifli the 
knowledge ihat willful false statements aud the like so made are pmishable by fine or imprisornnemt, or both, mider 
Section 1001 of Title 18 of the United States Code and that such willful, false statements may jeopardize the validity 
of the application or any patent issued thereon. 

Q Full name of solc or fiiSt inventor: . WILLEM .JEHS 

Inventor's signature CJ,7/e^ //^; !iD av g.^ Month Year Jlc>o/ 

Residence (city and country): ..^JBEAKEaSI^UrmG PROVINCE, REPUBLIC OF SOUTH AFRICA ^^ ^ X^ 
Citizenship: SOUTH AFRICAN 

Post Office Address: 20 Boetosnhout Street, Dalpark Ext 5, Brakpaji^ Gauteng Proviiice , 

Republic o£ South Africa 

Full name of second inventor: 

Inventor's signature Day Month Year 

Residence (city ajmd country): 

Citizenship: ^ 

Post Office Address: . 

Full name of third inventor: 

Inventor's signature ^Day Month Year , 

Residence (city and country): 

Citizenship: 

Post Office Address; _„ 



Send Correspondence To: 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



